Cobalt nitrate hexahydrate (Co(NO 3 ) 2 ·6H 2 O,98%) was purchased from Sinopharm Chemical Reagent Co., Ltd.. Trisodium citrate dihydrate (Na 3 C 6 H 5 O 7 •2H 2 O,99%), potassium hexacyanoferrate (III) (K 3 Fe(CN) 6 ,99%) and sodium hypophosphite monohydrate (NaH2PO2•H2O, 98%), were purchased from Aladdin. Commercial Pt/C (Pt 20 wt.%) and RuO 2 purchased from Sigma-Aldrich. All the received without further purification and all the solvents used were of analytical grade.
the solution B was added into the solution A under magnetic stirring. After continuous stirring for 1 min, the obtained mixed solution was aged at room temperature for 24 h.
The precipitates were collected by centrifugation, followed by washing with DI water and ethanol, and dried at 70 °C overnight. The similar method is applied by changing cobalt nitrate hexahydrate to ferrous sulfate when preparing the Fe-Fe PBA and by changing hexacyanoferrate (III) to cobalt potassium cyanide when preparing Co-Co PBA.
Synthesis of Co-Fe PBA nanoframes
20 mg of the above prepared Co-Fe PBA nanocubes were dispersed into 40 mL of H 2 O by ultrasonication for 10 min to obtain a homogeneous suspension. Then, 22.5 mg of urea were added into the above suspension with string for 20 min. After dissolving, the suspension was sealed into a 50 ml Teflon liner and then heated at 100 °C for 12 h in a stainless-steel autoclave.
Synthesis of Co-Fe-P nanoframes
The as-prepared Co-Fe PBA nanoframes were further annealed with NaH 2 PO 2 at 300 °C for 2 h with a heating rate of 2 °C min -1 under a flow of N 2 atmosphere (100 sccm).
In a typical process, 10 mg Co-Fe PBA nanoframes and 100 mg NaH 2 PO 2 were placed in both sides of a quartz boat with NaH 2 PO 2 at the upstream side of the furnace. The Co-Fe oxides were obtained with the same procedure but annealed in air.
Characterizations
The crystalline phase of the products was analyzed by powder XRD measurements with a Bruker D8 Advance X-ray diffractometer using Cu-Ka radiation and performed at a scanning rate of 0.1 s -1 . TGA (SDT 2960) was used to determine the optimum calcination temperature in order to obtain the best morphology and structures. Raman spectrum analysis (Horiba HR Evolution, with laser excitation at 633 nm sweep from 200 to 2500 cm -1 ) was adopted to distinguish the characteristic vibrational modes of the synthesized materials, mainly for the D-band and G-band of the carbonized samples.
The surface elemental states of the samples were analyzed with XPS, using an Escalab 250Xi X-ray photoelectron spectrometer with Mg Ka X-ray as the excitation source. 
Estimation of Effective Electrochemical Active Surface Area
The ECSA was obtained from the double layer capacitance (C dl ) of the catalyst surface. 
Calculation of the average grain size of the Co 0.6 Fe 0.4 P nanoparticles in nanoframes
The average grain size (D) of the CoFeP nanoparticles can be calculated using the Debye-Scherrer formula by identifying the intensity and width of a specific diffraction peak.
=
Where K is the Scherrer constant and equals to 1 when B is the width of the diffraction peak, γ is the wavelength of X-ray, which is 0.154056 nm, B is the measured width of the chosen diffraction peak, which should be convert into rad, and  is the bragg diffraction angle of the peak.
Possible phosphor-participated reactions in the HER process
The decreased content of P in the post-HER catalyst can be attributed to the oxidation of metal phosphides even at the applied HER potential. As indicated by the following reactions:
In acidic media (pH=0) In basic media(pH=14)
The HER overpotential is capable of converting phosphides into phosphates, which are soluble in the aqueous electrolyte. 
